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    Abstract
Movement-related theta oscillations in rodent hippocampus coordinate ‘forward sweeps’ of location-specific neural activity that could be used to evaluate spatial trajectories online. This raises the possibility that increases in human hippocampal theta power accompany the evaluation of upcoming spatial choices. To test this hypothesis, we measured hippocampal oscillations during a spatial planning task that closely resembles a perceptual decision-making paradigm. In this task, female and male participants searched visually for the shortest path between a start and goal location in novel mazes that contained multiple choice points, and were subsequently asked to make a spatial decision at one of those choice points. During the search/planning period, we observed ~3-6 Hz hippocampal theta power increases that were negatively correlated with subsequent decision speed, where decision speed correlated with choice accuracy. Notably, hippocampal theta power increases were preferentially induced by planning in mazes containing a sequence of choices that were initially straightforward and subsequently ambiguous. These results implicate the hippocampal theta rhythm in the searches of deep decision trees, with a particular ‘bottleneck’ form.
Significance Statement Low frequency (~<10 Hz) hippocampal theta oscillations are putatively linked with learning and decision-making in rodents, but how hippocampal theta relates to specific decision processes is unclear. Here, we tested human volunteers on a spatial planning paradigm that discloses the role of the hippocampal theta rhythm when planning sequential choices in novel environments. Recording from the human hippocampus, we find that increased hippocampal theta power correlates with planning quicker and more accurate spatial decisions. Furthermore, hippocampal theta power increased during planning in mazes with choice sequences that were initially straightforward and subsequently ambiguous. These results implicate the human hippocampal theta rhythm in the evaluation of demanding upcoming spatial choices.
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